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NATIONAL ADVISORY CO"ITTEE.FOR AEXONAUTICS 

RESEARCH MEMORANDUM 

LONGITUDINAL STABILITY, TRIM, AND DRAG CHARACTERISTICS 

OF A ROCKET-PROPELLED MODEL OF AN AIRPLANE 

CONFIGURATION HAVING A 45' SWEPTEACK 

WING AND AN UNSWEPT HORIZONTAL TAIL 

By James H. Parks and  Alan B. Kehlet 

A f ree- f l igh t   inves t iga t ion  was  made of t he   l ong i tud ina l   s t ab i l i t y ,  
trim, and drag of a rocket-propel led  a i rplane model a t  l o w  l i f t  coef- 
f i c i e n t s  a t  a range of Mach numbers from 0.63 t o  1.16. The configu- 

th i ckness   r a t io  In t he  streamwise d i r ec t ion  of 6 percent.  The quarter- 
chord l i n e  of the  wing was sweptback 450, whereas the  tail was unswept 

w a s  located a t  zero percent of the mean aerodynamic  chord.  Oscillations 
induced'by  pulse  rockets were used t o   o b t a i n   s t a b i l i t y   d a t a .  

CI ra t ion  included a wing and horizontal  t a i l  of a s p e c t   r a t i o  4 and 

r and  f ixed a t  2O inc idence ,   t ra i l ing  edge  darn. The center  of grav i ty  

The l i f t -curve   e lopes  were linear  over  the  range t e a t e d  and reached 
a maximum value of 0.096 a t  M = 0.91. Calculations  based on s t r u c t u r a l  
inf luence  coeff ic ients   obtained from s t a t i c   t e s t s   i n d i c a t e   a p p r e c i a b l e  
l o s s e s   i n   l i f t i n g   a b i l i t y   e s p e c i a l l y  a t  the higher Mach numbers. The 
configuration exhibited a high degree of s t a b i l i t y  and s t a b l e  damping 
charac te r i s t i c s  over the speed  range  investigated. 

A smooth  nose-up t r i m  change  of low magnitude  occurs near M = 0 . 9 .  
The drag   coef f ic ien t  a t  trim l i f t  increases  from a subsonic  value  of 
0.021 t o  0 .O55 near M = 1.10. 

IWTROIXTCTION 

A general   research program has been i n i t i a t e d  by the  Nat ional  

propelled models i n  free f l i g h t ,  the e f f e c t  of various empennage designs 
on the   t ransonic  longitudinal s t a b i l i t y ,  t r i m ,  and  drag  character is t ics  

. Advisory Committee for  Aeronautics  to  determine, by means of rocket-  
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of  complete  airplane  configurations.  Presented  herein are the   r e su l t s  
from one of the  t ransonic  models  having a conventional empennage 
arrangement  with  an unswept horizontal  t a i l  f ixed a t  2 O  incidence, 
t r a i l i n g  edge down, and  mounted on a 450 sweptback v e r t t c a l  t a i l .  The 
wing was sweptback 45O with  an  aspect   ra t io   of  4 and  th ickness   ra t io  
of 6 percent   in   the  streamwise direct ion.  

Longi tudinal   s tabi l i ty ,  trim, and  drag were obtained  from  an 
analysis  of continuous telemeter records  and of short-per iod  osci l la-  
tions  induced by ve r t i ca l ly   t h rus t ing  pulse rockets. 

The model was t e s t ed  a t  the   P i lo t less   Ai rcraf t   Research   S ta t ion  
a t  Wallops Island, V a .  
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exposed  span, f t  

mean aerodynamic  chord, f t  

gravi ta t ional   accelerat ion,   f t /sec2 

s ta t ic   p ressure ,   lb / sq  f t  

dynamic pressure, pM2, lb/sq f t  
2 

increment of exposed  span, f t  

r a t io   o f   l i f t - cu rve  slope of a r i g i d  wing t o  that 
of present  wing / 

radius  of  gyration  about y-axie, ft 

time, sec 

un i t   l oad ,   l b  

Mach number 

period of the  short-per iod  osci l la t ions,   sec  

Reynol.ds number, based on F 

w i n g  area, sq f t  - 
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veloc i ty ,   f t / sec  

weight of model, Ib 

moment of iner t ia   about  the y-axis , alug-ft2 

time t o  damp t o  one-half  amplitude,  sec 

normal accelerometer  reading,  positive up 

longitudinal  accelerometer  reading,  posit ive  forward 

angle  of  at tack, deg 

horizontal  t a i l  def lec t ion  for zero  angle of a t t ack  

r a t t o  of spec i f ic   hea ts ,  1.4 

angle of pitching,  radians 

angle  of t w i s t ,  radians; leading edge pos i t i ve  up 

normal force   coef f ic ien t ,  (W/S ) ( l/q) (an/g> 

chord  force  coefficient,  (W/S) ( l /q )  (-aZ/g) 

l i f t  coef f ic ien t ,  CN cos a - Cc sin a 

drag  coefficient,  -Cc cos a - Cn s i n  a 

pitching-moment coe f f i c i en t  

pitching-moment coe f f i c i en t  a t  zero  angle of a t t a c k  

. derivat ive  of   the  quant i ty   with  respect   to   the  subscr ipt ;   for  example, 
cLa = aCL/aa. 



4 

MODEL AhrD APPARATUS 

Model 

NACA RM L52F05 

A three-view  drawing  of  the model is  shown i n   f i g u r e  l ( a ) .  The 
model was constructed  mainly  from  laminated mahogany. Metal p l a t e s  
incorporated i n  the wing and horizontal  t a i l  fo r   add i t iona l  stiffness 
and r i g i d i t y  are shown by the   s ec t iona l   de t a i l a  of f i g u r e   l ( b ) .  

The wing had an   aspec t   ra t io  of 4, taper r a t i o  of O.&, and 
NACA 65~006 a i r f o i l   s e c t i o n s   i n   t h e  streamwise d i rec t ion   wi th   the  
quarter-chord line sweptback 45O. The horizontal  t a i l  had t he  same 
geonietr ical   character is t ics   except   the  quarter-chord  l ine w a s  unswept. 
The v e r t i c a l  t a i l  had a n  a spec t   r a t io  of 1.5, t a p e r   r a t i o  of 0.50, and 
KACA 65~008 a i r f o i l   s e c t i o n s   i n  the streamwise d i rec t ion   wi th   the  
quarter-chord  l ine sweptback 45O. The wing had no incideme, whereas 
the  horizontal  t a i l  was f ixed  a t  2O inc idence ,   t ra i l ing  edge down. 
The center   of   gravi ty  of t h e  model was loca ted  a t  zero  percent of t h e  
mean aerodynamic  chord. 

The fuselage was a parabolic body of revolution of f ineness  ratio 
8.91 which is  descr ibed   fu l ly   in   re fe rence  1. Fuselage  ordinates are 
given i n  table I. 

Photographs of t h e  model are shown i n   f i g u r e  2. A szall metal 
hook of  1/8-inch  steel  w a s  a t tached   to  the fuselage  for  boosting 
purposes. The r e l a t i v e   s i z e  and  location of t h i s  hook i s  shown c l e a r l y  
i n  f i gu re   2 (b ) .  The leading edge of this hook had a sharp wedge sec t ion .  

Propulsion 

The model-booskr  combination i s  shown  on the  launching  platform 
i n  figure 3. The model was launched a t  an  angle of 60° elevation  and 
was boosted  to maximum veloc i ty  by a n  ABL Deacon rocket motor. 

S ix   ver t ica l ly   th rus t ing   pu lse   rocke ts  were i n s t a l l e d  i n  t he  model 
( four  i n  the  nose sec t ion  and two i n  the  rearward  sect ion) .  The 
loca t ions  of the  pulse   rockets  are shown i n   f i g u r e   l ( c ) .  Each pulse 
rocket had a t o t a l  impulse  of  approximately 8 pound-seconds  and a 
burning time of approximately 0.08 second. 
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Imtrumentation 

5 

c 

The model was equipped  with  an NACA four-channel telemeter which 
transmitted  continuous  records of normal and  longitudinal  accelerations,  
angle of a t tack ,  and to t a l   p re s su re .  

The f l i g h t   p a t h  was determined from t racking radar data and 
atmospheric  conditions a t  a l t i t u d e  were obtained from a radiosonde 
released  immediately after model firing. 

DATA ANALYSIS 

The technique  of data reduct ion f o r  an  analysis  of the response 
of models to   abrupt   dis turbances i s  descr ibed   in   re fe rence  2 for   abrupt  
e leva tor   def lec t ions .  The method appl ies   equa l ly   wel l   for  models 
employing pulse  rockets.   Briefly,  however, s t a t i c   l o n g i t u d i n a l   s t a b i l i t y  
is determined  from  the  periods  of the short-per iod  osci l la t ions  and 
dynamic l o n g i t u d i n a l   s t a b i l i t y  i s  determined  from  the rate of  decay.  of 
t he   o sc i l l a t ions .  The osci l la t ions  occurr ing  during  pulse   rocket  
burning are not  included i n  the  analy,sis  because the time h i s to ry  of 
the  thrust-forcing  function  cannot be evaluated  accurately.  

The t r i m  l i f t ,  angle of a t tack ,  and drag were determined  between 
pulses   d i rec t ly  from the telemetered  data  and  through  oscil lations by 
appropr ia te   fa i r ing .  The angle-of-attack data w e r e  converted t o  angle 
of a t t ack  of the center  of gravi ty   by  the methods  of reference 3 .  

A detai led  discussion of  the  accuracy of this type of inves t iga t ion  
i s  found in   r e f e rence  2. For the  par t icular   inst rumentat ion  used,   the  
absolute  accuracy of CL and CD is  +0.010 and fO.003, respect ively,  
a t  M = 1.10, and f0.025 and f0.008, respect ively,  a t  M = 0.70. The 
angle  of  attack i s  be l ieved   to   be   cor rec t   wi th in  0.200 and the Mach 
number i s  estimated to  be  correct   wi thin 0.02 a t  M = 1.00. 

Since  the  influence of  a e r o e l a s t i c i t y  on aerodynamic cha rac t e r i s t i c s  
i s  important when sweepback i s  incorporated i n  a l i f t i n g   s u r f a c e ,  
s t a t i c  tests were made t o  de te rmine   the   f lex ibf l i ty  of the exposed 
port ion of t he  model w i n g .  Concentrated  loads were applied  independ- 
en t ly  a t  several   spanwise  stations along the 25-percent  and  %-percent 
chord  l ines  and the  resul t ing  angles   of  twist along  the  span fo r  each 
loading  condition were  determined.  Deflection  diagrams  obtained  from 
these data are   presented i n  f igu re  4. The va r i a t ion  of  dynamic pressure 
with Mach  number i s  shown i n  f i g u r e  5 for   use   wi th   s t ruc tura l   in f luence  
coef f ic ien ts  in the   ca lcu la t ion  of ae roe la s t i c   e f f ec t s .  
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RESULTS AKD DISCUSSION 

The Reynolds numbers of the test  are shown i n  figure 6 as a 
function  of  the Mach number. A por t ion  of the fl ight   t ime-his tory 
converted to aerodynamic parameters i s  shown i n  figure 7. Seven 
osc i l l a t ions ,  similar to   those  shown i n   f i g u r e  7, were ava i l ab le   fo r  
analysis ;  s ix  induced by pulse  rockets between Mach numbers of 0.92 
and 0.65 and one a t  separation (M = 1.16) r e s u l t i n g  from t h e   d i f -  
fe rences   in  trim between the model alone  and  the  model-booster com- 
binat ion.  The last  pulse  rocket f ired before the previous   osc i l la t ion  
had completed a su f f i c i en t  number of cyc le s   fo r   t he   u sua l   s t ab i l i t y  
ana lys i s  and thus  i s  included  in   the l i f t  analysis  only.  I t  should be 
poin ted   ou t   tha t  all the data analyzed were i n   t h e   l i f t - c o e f f i c i e n t  
range of f0.20 as shown i n   f i g u r e  8. 

L i f t  

The l i f t  curves  obtained are p l o t t e d   i n   f i g u r e  8. The values  of 
l i f t -curve  s lope  represented by t h e   f a i r e d   l i n e s  i n  figure 8 are shown 
i n  f i gu re  9 .  The subsonic  value  of  0.079  increases  abruptly to 0 .Os 
near  M = 0.90. Near a Mach  number of 1.11, the   l i f t -curve   s lope  i s  
0.061. These  values  are less than would be obtained  from a similar 
configuration  having a r i g i d  wing  because of t h e   e f f e c t s  of f l e x i b i l i t y  
mentioned  previously. 

By using  the  def lect ion data of f igure  4 i n  t he  form  of  influence 
coef f ic ien ts ,  as suggested i n  reference 4, a f a c t o r  by  which the  
f l e x i b l e  wing data may be co r rec t ed   t o   t he   r i g id  wing case was computed. 
This   factor  i s  shown a6 a function  of Mach number i n  f i g u r e  10. I t  
should be pointed  out that th i s   co r rec t ion  is not  precise  because of 
the  type of data ava i lab le   bu t  rather i s  presented  to   indicate   the 
order of  magnitude of the   losses  due t o   f l e x i b i l i t y .  

Values of l i f t - cu rve   s lope   co r rec t ed   fo r   t he   e f f ec t s  of wing 
f l e x i b i l i t y  are shown i n  f i gu re  11; also shown are l i f t - cu rve   s lopes  
ca lcu la ted  from the wind-tunnel t e a t s  of component pa r t s   r epor t ed   i n  
references 5 a d  6. The agreement i s  good except   in  the region between 
M = 0.90 and M = 1.00- The reasons  for   the  discrepancy  in   this  
Mach number range are not completely known but  s i m i l a r  e f f e c t s  have been 
noted  previously  between  free-flight  and  wind-tunnel  teste. 

. 
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Sta t ic   Longf tudina l   S tab i l i ty  

7 

. 
Periods  of  the  short-period  oscil lations are shown a8 a  function 

of Mach  number i n   f i g u r e  12. Since no pulse  data were obtained  between 
E4 = 0.91 and M = 1.11, a  dashed-line  fairing is used  over t h i s  
r e l a t i v e l y   l a r g e  Mach  number increment i n   t h e   s t a b i l i t y   a n a l y s i s   p l o t s .  
These  dashed-line  fafrings are based on unpublished  rocket-model  data 
and  general  considerations  of  the  present test. These data  converted 
t o  the s t a t i c   s t a b i l i t y  parameter Cma a r e  shown i n   f i g u r e  13. The 
configuration i s  shown t o  be  longi tudinal ly  stable throughout  the Mach 
number range  for   the  center-of-gravi ty   locat ion  used.   In   general ,  the 
longi tudina l   s tab i l i ty   increased   wi th   increas ing  Mach number. Although 
some loss occurred  between M = 0.80 and M = 0.87, no severe  var ia-  
t i ons  were noted  and  the  loss had been  regained a t  M = 0.91. 

The degree of l ong i tud ina l   s t ab i l i t y ,   a s   i nd ica t ed  by the 
aerodynamic-center  location, is  shown i n   f i g u r e  14. A t  Mach numbers 
less t h a n  0.87, the shape  of the curve i s  qui te   s imi la r  t o  the 
Cma var ia t ion .  

No attempt was  made t o   i s o l a t e   t h e   f a c t o r s   c o n t r i b u t i n g   t o   t h e s e  
va r i a t ions  as the influence of wing f l e x i b i l i t y  was a l so  f e l t  a t  the  
t a i l   i n  the form of changes i n  domash.  Generally  speaking, however, 
the  two major e f f e c t s  of wing f l e x i b i l i t y  on the   conf igura t ion   s tab i l i ty  
a re   in   oppos i te   d i rec t ions ;  the loss of l i f t  over  the wing  combined 
with  a   forward  shif t   in  the wing center  of pressure  tend  to   decrease 
the   ove r -a l l   s t ab i l i t y ,  whereas t h e  moment-producing a b i l i t y  of the  
t a i l  should increase due t o  changes i n  downwash, thereby t end ing   t o  
inc rease   t he   s t ab i l i t y .  

Dynamic Longi tudinal   Stabi l i ty  

The times requi red   for   the   shor t -per iod   osc i l la t ions   to  damp t o  
one-half  amplitude are s h m n   i n   f i g u r e  15. Damping factors  corresponding 
to  these  time  increments are shown i n  figure 16. The damping is s t a b l e  
Over the  Mach  number range tested. 

Although  the  total  damping factor   decreases  from approximately 60 
a t  high  subsonic Mach numbers t o  48 at  M = 1.11, the  damping-moment 
derivative  remains  essentially  the same, approximately 25. No attempt 
was made t o   i s o l a t e   t h e   v a r i a b l e s   c o n t r i b u t i n g   t o   t h e  damping caused 
by the   e f fec ts   o f  w i n g  f l ex ib i l i t y ,   bu t   appa ren t ly   t he  moment-producing 
a b i l i t y  of the ta i l  increased,  whereas the o v e r - a l l   l i f t i n g   a b i l i t y ,  
supplied  mainly by the wing, decreased  with  increasing Mach number. 
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I t  should be pointed  out   that  a mass-distribution term Ky/C was 
included i n   t h e   t o t a l  damping f ac to r .  For the   present  tests,  
Ky/C = 1.89. The importance  of this term i n  comparing the  present  
r e su l t s   w i th   t he  two-degree-of-freedom damping c h a r a c t e r i s t i c s  of  con- 
f igu ra t ions   w i th   d i f f e ren t  mass d i s t r ibu t ions  is  discussed  ful ly  i n  
reference 7. 

Longitudinal Tr im 

The t r i m  l i f t  coefficients  for  the  configuration  through  the Mach 
number range are shown i n  figure 17(a). The shape  of t he  t r i m  curve 
agrees   with  the  resul ts  of reference 8. The  f a c t  remains  that a pulse 
rocket f ired during  the  t ransonic  t r i m  change may obscure  the  exact 
nature of   the   var ia t ion ,   bu t  the t r a n s i t i o n  from  subsonic to   supersonic  
f l igh t   appears   to   in t roduce  a smooth nose-up  change i n  trim with the 
t r i m  l i f t   c o e f f i c i e n t   i n c r e a s l n g  from 0 a t  M = 0.85 t o  0.04 a t  
M = 0.95. 

Ar?gles of a t tack  corresponding  to   these trim l i f t   c o e f f i c i e n t s  are 
shown i n  f i gu re  17(b) .  Although the  changes i n  l i f t -curve  s lope are 
r e f l e c t e d   i n   t h e s e  data, no unusual  variations were noted. - 

By reasonably  assuming Cm t o  vary l inear ly   with CL (from  basic 
o s c i l l a t i o n s ) ,  a t r i m  curve  for a center-of-gravity  location a t  ~ / 4  
was computed and i s  shown i n   f i g u r e  l 7 (a ) .  The decrease i n  s t a b i l i t y  
amplif ies   the magnitude  of t he  t r i m  change but  the  shape of' t h e  t r i m  
curve  remained e s sen t i a l ly   t he  same. 

On a similar basis, t he  t r i m  angles of a t tack   were-used   to  
determine the pitching-moment coe f f i c i en t  a t  zero  angle of a t tack .  
These values  are shown i n   f i g u r e  18. A s  might be expected from the  
data  presented  previously,  these  pitching-moment  coefficierhs  increased 
with  increasing Mach number with  the moat abrupt  change i n  the  region 
of M = 0.90. 

I t  is  i n t e r e s t i n g   t o   n o t e   t h a t   i f   t h e   h o r i z o n t a l  t a i l  i s  considered 
as a n  all-movable  control,  zero  angle of attack  could  be  maintained 
throughout  the Mach number range  with l i t t l e  control  movernerd as shown 
i n   f i g u r e  19. These values were computed from the   r e l a t ionsh ip  
So = Cmo/Cms where % i s  from the  wind-tunnel data of  reference 5.  

The v a r i a t i o n s   i n  Cmo and 6, are believed  to  be  independent 

of the wing and primarily due t o  Mach  number e f f e c t s  on the  down flow 
over the horizontal  t a i l  induced by the  convergence of the  rearward 
par t  of the  fuselage from t he  subsequent  considerations. The 

% 
. " 

. .. 
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- 
wing-fuselage comb i n a t  i .on f a  symmetrical  about the longi tudinal  axi 
and no  downwash from t he  wing should exist a t  zero angle of   a t tack.  

9 

s 

- The contribution of t h e  empennage d r a g   t o   t h e   z e r o - l i f t  pitching-moment 
coef f ic ien t  i s  ca l cu la t ed   t o   be   r e l a t ive ly  small, 0.003 a t  €4 = 0.70 
and 0.012 a t  M = 1.10. The same effects are shown i n  the more complete 
data of reference 9 wherein similar t o t a l  changes of approximately 0.06 
i n  Cm, and 10 i n   h o r i z o n t a l  t a i l  def lec t ions  were noted. 

Drag 

The drag coef f ic ien ts  a t  trim lift coeff ic ients   throughout   the 
test Mach  number range are shown i n  figure 20. The subsonic  value  of 
0.021 increasing  to   0 .053 a t  M = 1.11 with the most  abrupt  increase 
near M = 0.95 is of the order of magnitude  which  might  be  expected 
from the  geometry of the configuration. The reasons   for   the  hook and 
subsequent  increase i n  abruptness  of the d r a g  r iae   near  M = 0.94 is 
believed due to   p re s su re  changes on t he  rear fuselage and have been 
noted  previously on s i m i l a r  configurations (ref. 10). 

Minimum drag  values are also shown i n   f i g u r e  20 and,  except  near 
4 

M = 1.11, the   t r im  l i f t  had no appreciable effect on the  drag  coef- 
f i c i e n t .  The l i f t -coef f ic ien t   range   of  the t r ans i en t   o sc i l l a t ions  was 
not great enough t o  determine the effect of lift on drag w i t h  any degree 
of accuracy. - 

CONCLUSIONS 

From the f l i g h t  tests a t  low l i f t  coe f f i c i en t s  of 8 rocket- 
propelled model of  an  airplane  configuration  having a 45O sweptback 
wing and an  unswept horizontal  t a i l  with 2O incidence,   the  following 
conclusions may be drawn: 

1. The l i f t - cu rve  slopes were l inear   over  the ranges tested with 
a maximum value of 0.096 a t  M = 0.91. Calculations based on static 
loading data indicated that l o s s e s   i n  l f f t  due t o  wing f l e x i b i l i t y  
occurred  over the ent i re   speed range with the magnitude of the losses  
increasing wFth  increasing Mach number. 

2. The aerodynamic-center  location  remained  near 60 percent c 
- 

' a t  subsonic Mach numbers. A t  M = 1.11, however, the  aerodynamic 
center   locat ion had moved rearward t o  88 percent E. 

I 

3. The configuration  exhibited stable damping cha rac t e r i s t i c s  
over  the Mach  number range. 
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4. P. longi tudinal   t ransonic  t r i m  change  occurred near M = 0 . g  
i n  a nose-up d i rec t ion .  The  change i n  t r i m  was smooth and of small 
magnitude. 

5 .  The drag  coeff ic ient  a t  trim l i f t  increased from 0.021 a t  
subsonic  speeds t o  0.055 a t  supersonic  speeds. 

Langley  Aeronautical  Laboratory 
Rational Advisory Committee for  Aeronautics 

Langley Field,  Va. 
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TABLE I 

FUSELAGE ORDINATES 

0 
3 
6 
9 

12 
15 
18 
21 
24 
27.8 
30 
33 
36 
39 
42 
45 
48 
51 
54 
57 
60 
63 
66 
69.5 

Diameter 
(in. 1 
0 
1.60 
3 .oo 
4.24 
5.28 
6.14 
6.84 
7.34 
7.66 
7-80 
7.78 
7.74 
7.64 
7.48 
7.30 
7 .OB 
6.78 
6.44 
6.08 
5-66  
5.18 
4.68 
4.12 
3.42 



. . . . . . . . . . . . . . .  - - - . . . . . .  

(a) General arrangement of model. 

Figure 1.- Arrangement and construction details of model. A l l  dimensions 
a r e  in inches. 

. . . . . . . . . . . . . . . .  . . . . . . . . .  

I 
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(b) Details of wing and tail construction. 

Figure 1.- Continued. 
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(c)  Arrangement of the p d a e  rockets in the fuselage. 

Figure 1.- Concluded. 
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(a) Tap view. 

Ib 

(b) Side v i e w .  =ws7 
Figure 2.- Photographs of the model. L-72332.1 



18 NACA R4 L52F05 

Figure 3.- Photograph of the model-booster  cmbinatfon on the launching 
platform. 
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(b) Loads at 0.50 chord line. 

Figure 4.- Deflection diagmm obtained from static loading testB on the 
exposed model wing. 
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m6 .7 .a a 9  1.0 1.1 1.2 

Mach number, M 

Figure 5.- Variation of dynamic pressure with Mach number. 
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Figure 6 .  - Variation of Reynold~ number with Mach number. 
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Figure 7.- Port ian of the tlme history of the flight converted to 
aerodynauiic coeff iciente. 
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Figure 8.- Lift-cunre data obtained from the short  period oscillations. 
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Figure 9.- Variation of the   l i f t -curve  slope with Mach number. 
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Figure 10.- Factors f o r  convert ing  the  f lexible  wing l i f t - cu rve  slopes 
t o  the   r ig id   case .  
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- Figure 11.- Comparieon of lift-curve slopea from two techniques w i t h  the 
effects of aeroelasticity  considered. L. 
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Figure 13. - Variation of the static  stability  parameter wi th  Mach number. 
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Figure 14.- Variation of the aerodynamic-center location with Mach number. 
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Figure 15.- Times requi red   for  the shor t  per iod   o sc i l l a t ions  to damp to 
one-half  amplitude as a function of Mach number. 
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Figure 16.- Variation of damping factors with M a c h  number. - 
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(a) Lift coefficient. 
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(b) Angle of attack. 

Figure 17.- Longitudinal trim  characteristics as a function of Mach number. 
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. 

Figure 18.- Variation of the pitching-moment  coefficient at zero angle of 
attack w i t h  Mach nmber. 
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Figure 19.- Horizontal tail deflectlon required to maintain zero angle 
51 of attack determined by usfng -h6 from ref. ( 
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Figure 20.- Variation of drag coefficients with  Mach number. 




